Rhinovirus is a common cause of exacerbations of cystic fibrosis (CF) and is usually considered a self-limiting infection. We report a case of chronic infection with rhinovirus A type 33 in a 43-year-old male with CF which has persisted for over 2 years.
A 43-year-old man with cystic fibrosis (CF) was diagnosed with chronic rhinovirus A infection through a combination of PCR assays and genetic sequencing. His CF genotype was F508del/G542X, and he had moderate to severe CF-related lung disease (forced expiratory volume in 1 s, 42% [predicted at baseline]). The patient was known to have allergic bronchopulmonary aspergillosis (ABPA) and chronic endobronchial infection with Pseudomonas aeruginosa. He had received highdose inhaled corticosteroids (fluticasone at 1,000 g per day) and oral itraconazole (100 mg) twice daily for the previous 4 years.
In January 2011, the patient enrolled in an observational study investigating the role of respiratory viruses in adults with CF (1) . At recruitment to the study, he was clinically stable and had no symptoms suggestive of an acute respiratory tract infection. In-house PCR assays for a total of nine respiratory viruses were performed on sputum and nose and throat swab specimens following total nucleic acid extraction using a QIAamp Virus Biorobot MDx instrument (Qiagen, Hilden, Germany). The rhinovirus PCR assay targeted the 5= noncoding region in line with the method reported by Scheltinga et al. (2) . Details of the primers and probes are given in Table 1 . The sputum sample was PCR positive for rhinovirus, with a cycle threshold value of 33 cycles. Both upper-airway swabs were negative for viral pathogens.
During the following 12 months, the patient provided respiratory samples for virological analysis on a total of eight occasions. At seven of the study visits, rhinovirus was identified in at least one respiratory tract sample (see Table 2 ). On the eighth occasion, nose and throat swabs were negative for rhinovirus but the patient was unable to expectorate sputum. The patient's clinical course during this period was complicated by the diagnosis of adrenal insufficiency in August 2011. Itraconazole treatment was stopped, and the dose of inhaled fluticasone was reduced to 400 g daily. Replacement oral hydrocortisone was commenced and has continued to the present day.
In March 2013, more than 2 years after its initial identification, the patient provided a further sputum sample which was again PCR positive for rhinovirus. Overall, only three of the patient's rhinovirus-positive episodes were associated with symptoms of an upper respiratory tract infection and just one met predefined criteria for a pulmonary exacerbation of CF lung disease (3) .
Genetic sequencing of the rhinovirus 5= untranslated region was performed in five of the patient's specimens using an Applied Biosystems 3130xl Genetic Analyzer and following the method reported by Lee et al. (4) . Details of the primers used are shown in Table 1 . Sequencing was conducted in two batches, with four of the patient's samples analyzed in batch one and the other in batch two (sample number M13907462).
The remaining rhinovirus-positive specimens collected from the patient were unfortunately not available at the time the sequencing was performed. A number of steps were taken to minimize cross-contamination in the laboratory during the sequencing analysis. Full aseptic precautions were taken throughout, and separate laboratories were used for nucleic acid extraction, PCR reagent preparation, and steps involving the handling of amplified DNA. The five sequenced samples from the patient represented four discrete episodes over a period of 24 months. Each of the sequences was consistent with the presence of Human rhinovirus A, and phylogenetic analysis suggested that they all belonged to the same strain. Three samples (M11914547, M11960169, and M12890805) were identical at the nucleotide level, with a maximum divergence of 1% across all five specimens. There was 98% similarity between the sequences of the isolates from the patient and the sequence of rhinovirus A serotype 33 reported by Lu et al. (NCBI GenBank accession number EU096020.1) (5). Figure 1 shows a phylogenetic tree to demonstrate the genetic relatedness of the patient's samples to the reference rhinovirus strains reported by Lee et al. (4) and to samples from other patients in the Manchester cohort (sequences beginning M but without the symbol } in Fig. 1 ). The tree was constructed in MEGA 5.1 using the neighbor-joining method with bootstrap values of 500. The findings of this analysis are consistent with the presence of chronic lower respiratory infection with rhinovirus A type 33.
We have demonstrated for the first time that rhinovirus A has the potential to cause chronic infection of the respiratory tract in a patient with CF. This observation is of importance to the understanding of virus-induced exacerbations of CF lung disease and raises further questions as to the true meaning of rhinovirus positivity in the respiratory tract.
Rhinovirus belongs to the family Picornaviridae, and among members of the general population, it is the major cause of the common cold. Rhinovirus is also the principal viral pathogen affecting patients with CF and is associated with significant morbidity in this population (6) (7) (8) . Adults with CF experience an average of at least 1.6 cases of rhinovirus infection per year (1) . At present, the typical duration of rhinovirus PCR positivity in patients with CF is not known but some information can be inferred from other populations. Data from a cohort of children at risk of asthma who had acute rhinovirus infection suggests that in the vast majority of cases, PCR positivity lasts less than 2 weeks (9). Other investigators have found that rhinovirus infections may persist for up to 6 weeks in a proportion of children with asthma (10) .
Chronic rhinovirus infection, however, appears rare. All such cases documented in the literature relate to patients with a significant degree of immunosuppression. Three individuals who had undergone lung transplantation, for instance, have been reported as having persistence of rhinovirus in the respiratory tract for over 12 months (11, 12) . Patients with hypogammaglobulinaemia also appear to be prone to prolonged rhinovirus shedding, with PCR positivity continuing for up to 55 days in a small group of such patients compared with 15 days in healthy individuals (13) .
Chronic rhinovirus infection has not been reported in CF before, although we have previously described a case of prolonged influenza A/H1N1 infection in another adult CF patient receiving maintenance oral corticosteroids (14) . The patient reported here was taking high-dose inhaled corticosteroids and itraconazole, a combination which is known to enhance serum levels of corticosteroids and lead to adrenal suppression (15) . Chronic rhinovirus infection persisted after itraconazole administration was stopped and the dose of inhaled fluticasone was reduced. It is possible that an iatrogenic excess of corticosteroids led to a degree of immunosuppression and contributed to the failure of our patient to clear the initial rhinovirus infection.
This case report raises a number of important questions for future research. First, it is currently unclear how long the average CF patient harbors rhinovirus after an acute infection. Potential risk factors for prolonged carriage of respiratory viruses, which might include the use of systemic corticosteroid therapy or coinfection with bacterial pathogens such as Pseudomonas aeruginosa (16) , need to be identified. Another uncertainty is whether chronic viral infection actively contributes to the cycle of airway inflammation characteristic of CF or whether it is simply a marker of disease severity. Finally, it is not known whether CF patients with chronic respiratory virus a Specimen identity numbers beginning with "M" identify the samples shown in Fig. 1 . All samples from the patient were PCR negative for adenovirus, influenza A and B virus, metapneumovirus, parainfluenza 1 to 3, and respiratory syncytial virus. URTI, upper respiratory tract infection; Neg, negative; Pos, positive.
infection are contagious and represent an infection control risk. Until such issues are addressed, this case report serves to highlight that CF lung disease may be complicated by chronic respiratory infection with viruses as well as bacterial and fungal pathogens.
